ABSTRACT
Introduction
Highly irregular astigmatism caused by diseases that deform the cornea preclude vision correction with the available optical resources. Keratoconus, laser-assisted in situ keratomileusis (LASIK), and penetrating or laminar keratoplasty are some of the main causes of corneal deformity [1] [2] [3] .
Keratoconus is a generally bilateral non-inflammatory progressive corneal ectasia that occurs in all races. Its prevalence is approximately 3.34% in first generation relatives and varies from 0.05% to 0.23% in the general population 4 . The disease begins in puberty and the refractive error is generally corrected with hard contact lenses, but 21.6% to 44% of cases require penetrating keratoplasty to restore vision 5 . Intracorneal rings are an alternative to delay potentially aggressive keratoplasty, or in patients intolerant to contact lens 6 .
Iatrogenic corneal ectasia is the most feared post-LASIK complication, yet little is known about its incidence and prevalence. Pallikaris et al. 7 reported this complication in 0.66%
of eyes submitted to LASIK in a study involving 2873 patients submitted to the procedure between May 1995 and November 1999. LASIK is performed in many countries. In the USA, the estimated 8 million persons who have been submitted to LASIK could potentially lead to a large number of iatrogenic ectasias 8 .
Corneal transplants are performed all over the world. APABO 9 estimates that in 2004 there were 8400 cornea transplants in Brazil and 46841 in the USA, whereas the post-transplant incidence of high degree astigmatism varied from 10% to 20% 10, 11 .
In the last 20 years, studies of intracorneal ring implants have shown promising evolution in relation to corneal ectasia stabilization, corneal apex regularization, improvement in contact lens adaptation, and improved visual acuity in keratoconus and post-LASIK corneal ectasia as well as in post-transplant astigmatism [12] [13] [14] . More recently the association of such implants with corneal cross-linking has shown good results 15 .
Implants of polymethylmethacrylate (PMMA) rings have been described as a simple, reversible, easy-to-learn method suitable for outpatients which allows the normal cornea structure to be preserved without removing corneal tissue or causing corneal reaction 16, 17 . However, cases of corneal extrusion and infection have been reported for varying periods after this type of implant 18, 19 and may be related to corneal incompatibility with PMMA. The rabbits were randomly divided into two groups. Statistical analysis was performed using SPSS Version 15 using the parametric paired Student's t and Mann-Whitney tests and the non-parametric Wilcoxon test for dependent samples.
Comparisons of proportions were performed by Chi-squared test or
Fisher's Exact Test and comparisons for the same individual with MacNemar test. A 5% significance level was adopted (p<0.05).
Results

Clinical parameters
Edema was observed at all three moments in G1 and at two moments in G2. The edema frequencies in M1 were 66.7% and 93.3% respectively for G1 and G2. At M2 edema was observed only in G1 at the frequency of 13.3%. At M3, edema occurred in 20% of G1 and in 6.7% of G2. The difference was not statistically significant (Table 1) .
Corneal vascularization occurred only at M3, at lower frequency in G2 but without significant statistical difference (Table 1) . Ring extrusion was only observed in G1 (6.7%) ( Table   1 ). Infection was not present in any corneas. 
Morphological parameters
Control group corneas (LE) presented an epithelium
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The reduction was seen mainly in the middle third, which is formed by wing cells (Figure 2 ). The median number of layers was five (5;6) in control eyes and three (3;3) and four (3;5) respectively in G1 and G2, but the reduction was significant only in G1 (Table 2) . The comparison between groups G1 and G2 showed greater reduction in the group implanted with uncoated rings (FICRS) but the difference was not significant (p=0.061).
In the region adjacent to the ring the number of epithelial cell layers was similar to controls in both groups. Analysis also showed no difference in comparison between groups G1 and G2 (Table 2) .
In a region localized between the two regions analyzed in this study (over the rings and at 7mm optical zone), epithelial hypertrophy was observed (Figure 2 ).
Comparison between regions showed a significant reduction in the number of epithelial cell layers in the area over the ring in relation to the region adjacent to the ring in both G1
without coating and G2 with coating (Table 3) . Spongiosis and hydropic degeneration were seen in both corneal regions studied in G1 and G2 ( Figure 3 ). No statistical difference was seen in the percentage of spongiosis or hydropic degeneration between the groups and between the regions in the same group. Nevertheless, the region over the ring showed higher percentages of these alterations (Table 4) . (2) Adjacent 0.0 0.0
) G1: Group 1 -intracorneal ring implant without coating (FICRS) (5) G2: Group 2 -intracorneal ring implant with chondroitin sulfate coating (FICRS-CS) Mann-Whitney to compare groups in each region Wilcoxon to compare regions in each group
The basement membrane (MB) displayed thinning in both experimental groups but only in the region over the ring ( Figure 4 ) where its frequency was 22.5% higher in FICRS (Table   4 ). Intense stromal compaction was observed in the region over the ring in both groups (Figure 2 ).
Inflammatory cells (lymphocytes, polymorphonuclear
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Discussion
Experimental studies using intracorneal ring implants have been widely performed on the rabbit cornea [22] [23] [24] [25] , due to its similarity to the human cornea even though it lacks the Bowman membrane.
Histopathological studies of humans cornea implanted with an intracorneal ring are extremely rare due to the difficulty of obtaining these corneas and are only possible in cases with indication of corneal transplant or enucleation. Studies in animal species whose corneas are similar to that of humans enable research studies that would be difficult to perform on humans.
Therefore, the present study, which analyzes and compares both histopathological and clinical alterations utilizing two Ferrara intracorneal ring types, would be impossible to perform on human beings.
To the best of our knowledge this is the first study of PMMA intracorneal ring coated with chondroitin sulfate which is one of the mucopolysaccharides naturally occurring in the cornea 21 .
Chondroitin sulfate is a glycosaminoglycan present in the matrix of vertebrate connective tissue and is found in the mammalian cornea.
In ophthalmology has been used as a wound-healing agent and ocular lubricant. In corneal ulcer and keratoconjunctivitis sicca, chondroitin sulfate exerts anti-inflammatory action. This property of polysulfated glycosaminoglycans is due to its ability to scavenge free radicals, decrease prostaglandin synthesis, block the action of the complement system and reduce interleukin production 26, 27 . These properties may therefore improve ring biocompatibility and reduce complications. Thus, the present study evaluated and compared clinical complications and histopathological alterations in rabbit corneas implanted with two types of Ferrara intracorneal ring segment: the commercially available (without chondroitin sulfate coating) and the Ferrara intracorneal ring segment coated with chondroitin sulfate.
In the present study, clinical evaluation showed that edema decreased in both groups from M1 to M2 and furthermore at M3 (60 days after intracorneal ring implant). The percentage of corneas that showed clinical edema was three times higher in corneas implanted with uncoated rings (FICRS) than those with coated rings (FICRS-CS) (20% versus 6.7%). Corneal edema has been described in many clinical studies in observations that vary from four days to 14 months after surgery 28 . In a study by
Hofling-Lima
28
, edema occurred in 19.45% of patients who had been implanted with Intacs and Ferrara rings between one week and 22 months post-implant and was associated with infection.
The frequency of edema seen in a study by Hofling-Lima 28 was to similar our FICRS-implanted group, but in the present study was not associated with infection probably because it was performed on animals with healthy corneas, by a standardized experimental technique and using prophylactic antibiotic treatment with third generation quinolone.
Similarly to edema, clinical corneal vascularization was more frequent with FICRS (26.7%) than with FICRS-CS (6.7%) and occurred only 60 days after the implant in both groups. Case reports studies described corneal vascularization between 12 months and three years after the intracorneal implant 17, ,28,29 . Nose et al. 17 reported vascularization in 50% of cases, a frequency much greater than ours. This discrepancy may be explained by the difference in observation period (60 days in our study), given the possibility that more corneas will develop vascularization with time. But the shorter observation period does not explain the lower percentage of vascularization utilizing rings coated with chondroitin sulfate.
Ring extrusion occurred only in the FICRS-implanted group and was observed 30 days after implant. The extrusion of commercial uncoated intracorneal rings has been described in clinical studies 30, 31 where it was reported at 12 months and five years after surgery whereas the extrusion frequency was 13.8%
in the Miranda study with Intacs and also found fewer epithelial layers over the ring 25 .
The reduction in epithelial layers seems to be reversible given that several months after the ring explantation, Samini et al. 32 observed normal epithelial thickness above the explantation channel scar.
In contrast to the epithelial layer number, similar frequencies of spongiosis and hydropic degeneration, which are signs of edema, were observed in the corneal epithelium regions above and adjacent to the ring in both groups. These alterations, which have not been described in the other histopathological studies, are typical responses of stratified basal epithelium attacked by inflammatory process that may be intra-and especially intercellular. The edema can break the desmosomes, thus forming small vesicles or areas of greater epithelial fragility. The similarity in frequency between groups suggests that such lesions are caused by surgical trauma and not by the rings.
Thinning of the epithelial basement membrane was displayed in both groups but only in the region above the ring, and was less frequent in the FICRS-CS group. No reference to this alteration was found in the four reported studies, but it may be attributable to inflammatory reaction and type II hypersensitivity.
In the corneal stroma, histopathological examination showed three times higher frequency of neovessels in the FICRS group than in FICRS-CS. The fact that a smaller frequency of neovessels was observed at clinical examination demonstrates that the clinical exam underestimated the presence of neovessels.
Clinical and histopathological examination showed smaller
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The that it is not totally biocompatible.
Our results showed both clinical and histopathological advantages derived from the chondroitin sulfate coating of the rings in rabbits with healthy corneas. These findings lead us to suppose that such coating may also be beneficial to diseased human corneas. The mechanism by which the chondroitin sulfate leads to these benefits may be through its antiinflammatory action, or via the "encapsulation".
The scarceness of this type of study and the different responses resultant from the two ring types should serve as a stimulus for new experimental studies with longer follow-up and immunohistochemical evaluation in order to obtain better intracorneal implants, especially given their widespread use in very young patients with a long life expectancy.
Conclusion
Ferrara intracorneal rings coated with chondroitin sulfate (FICRS-CS) caused lower frequency of clinical and histopathological alterations than Ferrara intracorneal rings without the coating (FICRS), demonstrating higher biocompatibility of the FICRS-CS.
